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Confirmations and Surprises in the Association 
of Tobacco Use With Sinusitis 


Judith E. C. Lieu, MD; AJvan R. Fcinucin, MD 


Objeelive: To generate estimates of sinusitis preva¬ 
lence for adults in association with the use of tobacco or 
passive smoke exposure. 

Design: Analysis of data from the Third National Health 
and Nutrition Examination Survey, 1988-1994. 

Sefting: Sample of the noninstitutionalized civilian popu¬ 
lation of the United States. 

Participants: A total of 20050 adults aged 17 years or 
older. 

Main Outcome Measure: Presence of self-reported 
sinusitis or sinus problems. 

Results: In the United States, 66 million adults, consti¬ 
tuting 35% of the adult population, reported having si¬ 
nusitis or sinus problems at least once during the previ¬ 


ous 12 months. Female sex, non-Hispanic white ornon- 
Hispanic black race, higher income levels, and 
progressively higher educational levels were associated 
with increased prevalence of sinusitis. The prevalence of 
both acute and recurrent or chronic sinusitis increased 
with direct cigarette and other tobacco use but did not 
rise with passive exposure to cigarette smoke. 

Conclusions: Consistent with data for other respira¬ 
tor)' ailments, the direct use of tobacco confers a small 
increased risk of developing sinusitis in the adult popu¬ 
lation, but contrary to expcctatioii, passive smoke does 
not. The demographic variables of sex, race/elhnicity, 
and educational level demonstrated unexpectedly 
strong associations with the prevalence of sinusitis and 
should be analyzed and controlled for in future studies 
of sinusitis. 
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A lthough sinusitis was the 

most frequently reported 
chronic condition in 1995, 
affecting 14.1% of the US 
population,’ the impact of 
any simple etiologic factor has been dif¬ 
ficult to define for individual patients. To¬ 
bacco smoke was suggested as a risk fac¬ 
tor for the “aggravation and prolongation 
of sinusitis” in the 1964 Surgeon Gener¬ 
al’s report on smoking,^ but no clinical 
studies have documented this risk. 

Several lines of evidence link sinus¬ 
itis to tobacco exposure through its ef¬ 
fect on nasal mucociliary function. Ciga¬ 


rette smoke’ and the inhalation of nasal 
snuff have a profound effect on nasal air¬ 
way mucociliary function, demonstrated 
by in vivo nasal mucociliary clearance tests 
Agius et aP showed that cotinine, a me¬ 
tabolite of nicotine, caused a significant de¬ 
crease irt the ciliary beat frequency of na¬ 
sal mucosal cells in vitro. Environmental 
tobacco smoke has been shown to alter na¬ 
sal mucociliary clearance in nonsmok¬ 


ers.® People with allergic rhinitis and 
chronic sinusitis have been found to have 
nasal mucociliary clearance dysfunc¬ 
tion/ but a clear clinical association with 
severity of symptoms has not been shown. 
Although paihophysiologically plau¬ 
sible, changes in nasal mucociliary func¬ 
tion from tobacco do not necessarily trans¬ 
late into clinical sinusitis. 

This study was undertaken to exam¬ 
ine whether the use of tobacco increases 
the risk of sinusitis in the US population 
and whether passive smoke exposure is 
also associated with an increased preva¬ 
lence of sinus problems. 


RESULTS 


EFFECT OF DEMOGRAPHIC 
VARIABLES 

Table 1 shows that 35% of the adult 
population of the United States reported 
having sinusitis or sinus problems at least 
once during the past 12 months. Female 
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MATERIALS AND METHODS 

DATA SOURCE 

We used data from the Third National Health and Nutri¬ 
tion Examination Survey (NHANES III), a national cross- 
sectiona! health survey, perfomied in 1988-1994, of 33 994 
persons aged 2 months and older, representing the non- 
ttistitutlonalized civilian population of the United States. 
Deails of the complex sampling design, data collection, and 
weigh ting approach have been described elsewhere.® Briefly. 
NHANES 111 used a stratified, multistage probability sample 
design, with oversampling ofyoung children (<5 years old), 
older persons (>59 years old), black persons, and Mexi¬ 
can Americans. To obtain a distribution of participants that 
would be similar to the US population as a whole, sam¬ 
pling weights can be used during the analysis to incorpo¬ 
rate the differential probabilities of selection and to in¬ 
clude adjustments for noncoverage and nonresponse. To 
generate estimates of national prevalence, the present analy¬ 
sis is limited to the 20050 persons who comprised the adult 
population (age £17 years). 

DEFINITION OF VARIABLES 

In the NHANES HI interviews on demographic, tobacco use, 
and health characteristics, race/ethnicitywasdefinedby the 
participant as non-Hispanic white, non-Hispanic black, or 
Mexican American. Any person who did riot choose those 
categories was considered to be “other.” Poverty income 
ratio (PiR) is the ratio of reported household annual in¬ 
come to the poverty threshold defiried by the US Census 
Bureau, with adjustment for family size. This ratio was coded 
as a continuous variable in the NHANES III database and 
was demarcated (or our analysis into 4 ordinal categories^ 
less than 1.00, 1.00 through 1.99, 2.00 through 2.99, or 
3.00 or greater. Educational level completed was coded in 
the NHANES ill database as “never attended or kindergar¬ 
ten only” or in individual levels of 1 through 17 years, with 
17 entered for those with 17 or more years of education. 
From these codes we categorized educational level as “no 
schooling," 1 through 6 years (elementary school), 7 through 
9 years (middle school), 10 and 11 years (some high school), 
13 years (graduated high school), and 13 through 17 years 
(at least some college). 

The dependent variable sinusitis was self-reported for 
the following question: “During the past 12 months, have 
you had sinusitis or sinus problems?” A positive response 
was followed by a question about the number of episodes, 
which could be answered with an integer number or “con¬ 
tinuously, constantly.” Anyone who responded positively 
was considered to have any sinusitis. For the present analy¬ 
sis, we defined acute sinusitis as having 1 to 3 episodes, 
and recurrent or chronic sinusitis as having at least 4 epi¬ 
sodes or continuous sinus problems during the past 12 
months. 

Tobacco exposure variables were the direct use of ciga¬ 
rette, cigar, pipe, and stnokeless forms of tobacco; passive 
exposure to cigarette smoke; and the quantification of ciga¬ 
rette exposure, both direct and passive. “Ever used to¬ 
bacco'' was defined in the survey as having smoked at least 
100 cigarettes, 20 cigars, 20 pipefuls of tobacco, or ever hav¬ 
ing used chewing tobacco or snuff. Those who had “ever 


used" cigarettes, cigars, pipes, chewing tobacco, or snuff 
were asked about current use of those forms of tobacco, 
We defined "former smokers” as those who had “ever” used 
cigarettes but did not currently smoke them. Direct ciga¬ 
rette exposure was quantified as the number of cigarettes 
currently smoked per day and was also dichotomized as 
10 or fewer cigarettes per day vs more than 10 cigarettes 
per day. 

Passive cigarette smoke exposure in the survey was 
determined by asking about the existence and number of 
persons who smoked cigarettes in the household We coded 
this passive exposure as yes or no for the presence of smok¬ 
ers in the household and quantified it by summing the num¬ 
ber of persons who smoked in the home and the number 
of cigarettes those persons smoked per day. 

To quantify the dose of tobacco exposure in another 
way and to capture other passive smoke exposure outside 
the home, we also examined the NHANES results for se¬ 
rum cotinine, a metabolite of nicotine. Since they had been 
performed only on study subjects who participated dur¬ 
ing 1988-1991, serum cotinine measurements were avail¬ 
able for only 60% of the total group. Serum cotinine con¬ 
centrations were determined in a 2-stcp process. The enzyme 
immunoassay method was used as a screening method for 
differentiating “low" (<142 nmoHL {<25 ng/mL)) and 
“high” (£142 nmoVL [£25 ng/mLj) cotmine concenlra- 
uons. Confirmatory analysis was then performed with a liq¬ 
uid chromatography-mass spectrometric method in batches 
of 50 specimens, according to their "low” or “high” con¬ 
centrations on enzyme immunoassay. Serum cotinine con¬ 
centrations less than 28.4 nmol/L (5 ng/mL) generally in¬ 
dicate nonsmokers, levels of 28.4 to 85.2 nmol/L (5-15 ng' 
mL> may indicate recent passive smoke exposure, and levels 
greater than 85.2 nmol/L (15 ng/mL) generally indicate ac¬ 
tive smokers.® 

STATISTICAL ANALYSIS 

Our analyses used SUDAAN software (Research Triangle 
Institute, Research Triangle Park, NC) to incorporate 
sampling weights consistent with the complex design of 
the NHANES HI survey.® Bivariate comparisons of preva¬ 
lence of sinusitis were assessed using x* ^nd risk ratios 
(RRs) with 95% confidence intervals (CIs) for dichoto¬ 
mous independent variables and logistic regression with 
odds ratios (ORs) and 95% CIs for the categories of 
polytomous independent variables, which were converted 
to “dummy" binary variables. For the continuous serum 
cotinine level variable, means, t tests, medians, and inter¬ 
quartile ranges were used We adjusted for the demo¬ 
graphic variables of sex, race/ethntclty, PIR, and cduca- 
uonal level using multivariable logistic regression. For the 
multivariable logistic regression models, the group with 
the smallest prevalence was chosen as the reference level 
for the nominal variables sex and race/ethnicity. Adjusted 
ORs were converted into adjusted RRs, since the preva¬ 
lences of any, acute, or recurrent or chronic sinusitis in 
this population were all found to be more than 10%.'® The 
more common the outcome of interest, the more the OR 
overestimates the RR if it is greater than 1 or underesti¬ 
mates it if it is less than 1. Multiple stratification tables 
were used to look for possible interactions between the 
independent variables in affecting the prevalence of any 
sinusitis." 
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* NHANES indicates National Health and Nutrition Examination Survey, Rfl, 
risk ratio (calculated tram weighted prevalence); and Ct, confidence interval. 

■f Actual ratio is the actual number of people in the survey who reported that 
they had sinusitis divided by the number of people in the category. 
iActual prewatence is calculated from die actual ratio. 
i NHANES weighted prevalence incorporates the sampling weights to 
estimate prevalence for the US popu/atan. 

sex, non-Hispanic white or non-Hispanic black race, and 
higher incomestatus (PITl ^3.00) were all associated with 
an increased prevalence of any (including both acute and 
recurrent or chronic) self-reported sinusitis in bivariate 
analysis. This prevaknee also progressively increased as 
educational level increased. In multiple stratification 
tables, all race/ethic groups had a higher prevalence with 
female sex and progressively increasing prevalence with 
increasing education. However, FIR did not affect the 
prevalence of any sinusitis in all race/ethnicity groups in 
the same way; although non-Hispanic black and Mexi¬ 
can Americans did show increases with increasing PIR, 
non-Hispanic white and "ethers” did not. 


EFFECT OF cigarette SMOKING 

As shown in Table 2, current cigarette smokers had a 
liiglier prevalence of any sinusitis than former and never 
smokers. Table 3 shows that when stratified by the num¬ 
ber of cigarettes smoked per day, those who smoked 11 or 
more cigarettes per day had a significantly higher preva¬ 
lence of any sinusitis than those who smoked fewer than 
11 cigarettes per day or did not smoke (adjusted RR, 1.16). 
Median serum cotinine concentradons increased with the 
numbers of cigarettes smoked per day, demonstrating a dose 
relationship, except for persons who smoked more than 
40 cigarettes per day. When adjusted for the demographic 
variables of sex, race/ethnicity, educational level, and PIR, 
the risks remained essentially the same. However, the in¬ 
crease in prevalence is more consistent with a threshold 
effect than with a dose-response effect. In a threshold ef¬ 
fect, the outcome response suddenly “jumps” after preci¬ 
ously being unchanged at increasing levels of exposure. In 
contrast, in a dose-response effect, the outcome response 
rises or falls constantly (or “monotonically") with higher 
levels of exposure. Quantifying dose by increasing serum 
cotmine concentrations (Table 4) also did not show con¬ 
sistent increases in the prevalence of sinusitis. 

Table 5 divides the study population into those with 
acute sinusitis and those with recurrent or chronic si¬ 
nusitis, it reveals that about 12% of adults reported re¬ 
current or chronic problems ■with their sinuses, whereas 
about 21% had acute problems. (The sum of preva¬ 
lences for acute sinusitis and recurrent or chronic sinus¬ 
itis does not equal 35%, because 742 persons in Uie sur¬ 
vey did not respond to the query about the number of 
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episodes during die previous 12 months.) Current smok¬ 
ers report an increased prevalence of both acute (ad¬ 
justed RR, 1.18) and recurrent or chronic (adjusted RR, 
1.22) sinusitis. Although the RRs are small, they repre¬ 


sent a propornonai increase of 14% in recurrent or chronic 
sinusitis between never smokers and current smokers. 
Examined as the number needed for one effect (calcu¬ 
lated as the reciprocal of the absolute difference in preva- 
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lence between current smokers and never smokers), 62 
people must become current smokers to result in one ex¬ 
cess case of recurrent or chronic sinusitis. When dichoto¬ 
mized by the number of cigarettes smoked per day, those 
who smoke more than 10 cigarettes per day had an in¬ 
creased risk of developing both acute and recurrent or 
chronic sinusitis. 

EFFECT OF NONCIGARETTE TOBACCO USE 

Table 6 shows that the prevalence of any sinusitis was 
higher for each form of tobacco used when compared uotb 
never users of any form of tobacco. The RRs for chewing 
tobacco, snuff, pipe, and cigar use were not adjusted to avoid 
problems with too few even is per variable."-*^ Because the 
95% Cls for the RRs include 1.0, increased risk cannot be 
claimed for each separate form of tobacco used. When us¬ 
ers of noncigarette forms of tobacco (ie, pipe, cigar, chew¬ 
ing tobacco, and snuff) were examined asa combined group, 
however, they had a statistically significant increase in the 
prevalence of any sinusitis (adjusted RR, 1.37) w'hen com¬ 
pared with never users. 

INTERACTION OF DEMOGRAPHIC VARIABLES 
AND TOBACCO USE 

In data not tabulated herein, when race/echnicity was ana¬ 
lyzed with tobacco use variables in multiple stratifica¬ 
tion tables, non-Hispanic whites and Mexican Ameri¬ 
cans showed a higher prevalence of any sinusitis in users 
compared with nonusers of tobacco. Non-Hispanic blacks 
tended to have a lower prevalence of any sinusitis with 
tobacco use, whereas "oiher" race/ethnicity groups tended 
to have a higher prevalence. In multiple logistic regres¬ 
sion models that included tobacco use variables, female 
sex, 10 years or more of education, and non-Hispanic 
white and non-Hispanic black racc/ethniclt)' groups were 
independent predictors of increased prevalence for si¬ 
nusitis. whereas PtR was not. 

EFFECT OF PASSIVE SMOKE EXPOSURE 

Table T shows that among the never smokers expo 
sure to passive smoke at home did not result in a higher 


prevalence of any sinusitis. Median serum cotinine con¬ 
centrations were slightly higher for those exposed to pas¬ 
sive smoke in the home, confirming their exposure. Quan¬ 
tifying the dose by the number of smokers, the daily total 
number of cigarettes smoked in the home, or serum co¬ 
tinine concentrations also did not lead to a higher preva¬ 
lence with increasing dose. When divided into acute and 
recurrent or chronic sinusitis groups, exposure to pas¬ 
sive smoke did not increase the prevalence in either group, 
with adjusted RRs of 1.23 (95% Cl, 0.97-1.54) and 0.96 
(95% Cl, 0.73-1.27) for acute and recurrent or chronic 
sinusitis, respectively. 


COMMENT 


The results of this study demonstrate that the direct use 
of tobacco, but not household passive tobacco smoke ex¬ 
posure, can be linked to an increased prevalence of si¬ 
nusitis. This study, however, does not allow conclu¬ 
sions about whether the use of tobacco or exposure to 
its smoke affects the severity of symptoms, chronicity of 
disease, or refractoriness to treatment. 

The prevalence of any self-reported sinusitis shows 
variation with the numbers of cigarettes directly smoked 
but not a true dose response. Since sinusitis prevalence 
is also most likely increased by smokeless tobacco, di¬ 
rect tobacco smoke is probably not the only cause for mu¬ 
cociliary dysfunction. Nasal mucociliary dysfunction from 
nicotine is not likely to be the only pathophysiologic ex¬ 
planation for the increased prevalence of sinusitis from 
tobacco use, however, because serum cotinine concen¬ 
trations did not consistently affect the prevalence of si¬ 
nusitis. Other components in tobacco or tobacco smoke 
may cause changes to the cilia or nasal secretions that 
are responsible for the observed differences. In addi¬ 
tion. individuals’ susceptibilities play an important role 
in their response to tobacco smoke. Bascom et al* found 
that in healthy nonsmoking adults, 6 of 12 subjects 
showed more rapid nasal mucociliary clearance with side- 
stream tobacco smoke than with just air, whereas 3 of 
12 subjects had substantial decreases m clearance. 

Defining passive smoke exposure is limited by the 
quantification of household exposures only. Workplace 
exposures are unaccounted for in the survey. However, 
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serum cotinine levels are nor significantly different be¬ 
tween the exposed with sinusitis and without sinusitis. 
Given that more than 10 cigarettes had to be smoked be¬ 
fore the prevalence among direct smokers exceeded that 
of nonsmokers in this study, the dose from passive to¬ 
bacco smoke is probably insufficient to increase the risk 
of sinusitis in tobacco nonusers. 

The main limitation of this study is that sinusitis is 
self-reported in a questionnaire rather than documented 
by a physician using strict diagnostic criteria. Colds, flu, 
allergies, facial pain or pressure, headache, and nasal 
obstruction without sinusitis may all be included in 
self-reported “sinusitis.” Nevertheless, this method of 
seif-report is similarly used for estimating prevalence in 
the United States, according to the National Health 
Interview Survey, an annual multistage probability 
sample survey conducted by the US Census Bureau for 
the National Center for Health Statistics. In that survey, 
during 1990-1992, the estimated US prevalence of 
chronic sinusitis was 13.6%, affecting 33.7 million 
people.^^ This result can be compared with the 11.8% of 
adults in the present analysis for an overlapping period. 
The estimates may differ, because the National Health 
Interview Survey defines chronic as duration of problem 
(3 months, vs our categorization of recurrent or chronic 
as more than 3 episodes or continuous problems). The 
estimates produced by our analysis seem just as valid as 
those given by the National Center for Health Statistics, 
which concluded that chronic sinusitis is now the most 
common chronic condition affecting the US adult 
population.' 

It is unclear why the prevalence of self-reported 
sinusitis varies with income level and educational level. 
Differences in access to medical care would produce a 
detection bias, leading to more diagnoses for symptom 
dusters in patients with more access. A different expla¬ 
nation is that those with more access to medical care 
may have higher expectations for health and may not 


tolerate symptoms that others with more barriers to 
access may consider not important enough to pursue 
with a physician. 

Differences in prevalence for race/ethnicity may be 
due to true differences in the baseline racial susceptibil¬ 
ity to sinusitis. Race/ethnicity correlates with some dif¬ 
ferences in PIR and educational level, but these socio¬ 
economic factors do not explain all the variation in 
prevalence with race/ethnicity. These differences in 
prevalence for sex, white and black race, and income 
levd were abo noted in the National Center for Health 
Statistics estimates for chronic sinusitis.'^ Because these 
variations with race/ethnicity, educational level, and sex 
seem robust, these demographic variables will be 
important to analyze and control for in future studies of 
sinusitis. 


CONCLUSIONS 


Consistent with data for other respiratory ailments, the 
direct use of tobacco confers a small increased risk of 
developing sinusitis in the adult population, but con¬ 
trary to expectation, passive smoke does not. Although 
risk factors should be identified and altered when pos¬ 
sible, it is also important to avoid burdening patients 
with recommendations for lifestyle alterations that may 
not affect their disease. There are enough other health- 
related reasons not to smoke or use tobacco without 
chiding people for causing their own or someone else’s 
sinus problems. The demographic variables of sex, race/ 
ethnicity, and educational level demonstrate unexpect¬ 
edly robust associations with the prevalence of sinusitis 
and should be analyzed and controlled for in future 
studies of sinusitis. Although the multifaciorial risk fac¬ 
tors for sinusitis make it difficult to quantitate the 
impact of any one factor, only by doing work like this 
can we take measures to prevent and treat this common 
problem. 
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